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AN INITIA, L-,FACET ANALYSIS OF THE

FYCS-P -- WORD. - ATTACK- -TEST 0

Facet analysis is a collection of pi-ocedUi'es for. (Cribing the

content of multiple-choice'test items and interpreting e observed .item

response patterns. The content of a test item is assumed t have two

asp4ts: the stimulus and the response options. For the FYCSP word
y.

attack test, the stimulus isa spoken word which can be constructed from

word elements using one or more phonetic rules. For a reading comprehen-

sion test, the stimulus may be a selected reading text(Schlesinger and

Weiser, 1970). A facet is defined to be a characteristic on which the

stimulus and an option can be evaluated and compared.

Facet analysis involves identifying characeeristics (facets) and

,

hypothesizing which are significant in explainOlg response patterns. Re-

sponse patterns can be described quantitatively several ways. A similarity

measure, si, for each facet is defined:

if the option and the stimulus are
identical with respect to facet (i)

0 if the option and the, stimulus are

different

s. =

If more than one facet is usec.to describe a distractor a stmilarity.

vectoVis defined: IN

S = (
,

s . . . sue) ..
1 2' n

(1)

,

The proportipn of respondent that selected a distractor is referred to

as the distractor attractiveness.

3
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Data Source
.

The data available for analysis were the -DCSP
1

criterion exercises

from a sample of 10 classrooms selected froili the 1970-71 Quality Assurpnce

project. Data from 362 students were availhble from the first TWO Units

with the sample size shrinking to 98 students by Unit 10.' 'the initial
.

use of this data was for delveloping procedures to.handle error conditions

in IMS input data (Hooper and McManus, 1911). To' meet the needs of that

study, criterion exercise data were scored using procedures simulating

the output of optical scanner interpretation of student responses., Tits,

some responses were scored as multiple-marks in instances where a human

t*could easily distinguish that the student meant to cross-off or erase

one response. However, this was not viewed as consequential for the

purposes of this preliminary analysis.

The sample of test items consists of the 50 word Attack items (five-

per-unit) of the 1970-71 FYCSP criterion exercises. Each item had three

response options resulting ih a total sample size of 100 distractors%
.

Possible Facet Structures

All of the stimuli for the word attack tests are composed of three

grapheme units--an initial consonant, sound, a vowel sound and a final

n word attack instruction, howevr, each' word is

a! ).'
al consonant sound and a_final vowel- consonant sound.

facet (C-V1C) and a two facet (C --VC) structure appear

consonant sound. I

treated as an iniei

Thus, both a thcee
__-

plausible.

7 .1%
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. The three facet 'struCture results in seven classes of distractors,

all of which are represented in the sample of 10d distractors but with

a very uneven distribution (see Table 1). The three classesef diStrac-

tors Eor the two facet structure are formed by collapsing the three facet

classes:

"

( 0 , 1 , 1 )

, 1 , )
( 1 , 0 , 1 )
( 1 , 0 ,0)

( [0,0,1)

(0,0,0)

=> - (0,1)

(1,0)

(0,0) 0

a
0

0

For example, if the word "sat " °is 'sounded out by the teacher as a stimulus,

possible distractors would, b classified/as follows:

Distraptor Two Fac
Struc

Mat. 0,1)

sit (1,0)

hit (0,0)

\O
°)

see (1,0)-

..11A5; (0,0)

sas d,0)

Guttiman's H 'othesis
.

Guttman has suggested thefo,11owing.hytiOtlie'Sis,

s-!'...the degree :Of afr'raction distractor increase
r

monotonely with its 'degree, of similarity' to ehe corre

(Guttman and SchlesinOri, 1967)..

N

Three Facet
StfUcture

(0,1,1) ,

(1;0,1)

(0,0-,1)

(0,0,0)

(1,0,0)

(0,1,0)

(1,1,0)'.

T

answer"

. , A

r.
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1 `
.

he will have a tendency to pick, the first option., As a rtsult of leatning,
i. .

.

-$
it, , .

1

.

this tendency should be less in evidence in later unit tests.

0

4

Let A(S) represent the hypothesized relationship betweendegree of
4

similarity and attractiveness, the following partial orders are then

predicted: .

{!-.(1,0,0)

A(1,1,0)
A(0,1,0)

A(1,0,1)
AN,O,1)

A(0,1,I) > A)(0,0,1

V

0

> A(0,0,0)
/

(2)./

> A(0,0,0) (3)

> A(0,0,0) (4)

Guttman actually proposed a somewhat stronger hypothesis than these-

partial

e'

orders. Define the ,level -(L) of a distractor to be'the number

of s
i
values for an item equal to one,

O

L=s
1
+s

2
+ s

then the attractiveness of a'distractor is predicted to increase mono-

-.

tonely with respect to level,

Predicted:Effects of Other Variables

It is expected that Other variables, in addition to d stractor-

stimnlus similarity, may affect attractiveness. It general 'y is .antici-

r)

thp the attraCtiveness'of ,distractors will decrease a a student

.4
progresses th'Nngh a. program due to learning. expected that this

.- ,

rate of decrease will not 6e co tant but be greatest for the initial

ii 0 * 1

JUOits. '?

/ p .'. '- -
0

It is expected that, if the student does not know the correct answer,

a

d

6
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TABLE 1
O

Frequency of Occurrence of Distractor Types as a Function of Unit and Position

(Three, Facet Structure)

.UNIT

.

(1,1,0)

Type
Level 2

(1,0,1)

of Distractor,

(0,1,1)

.

(1,0,0)

Level 1

(0,1,8)

'

(0,0,1)

Level 0

(0,0,0)

1 0 00

. 3

2-0-1

5

2-2-1
1.

1

0-0-1 0

1

0-1-0

p _

1

1-0-0

..

2

1-0-1

4
0=3-1

2

0-1-1
1

,r-0-0 0 0

3

2

1-0-1

1

0-1-0-

5

2-1-2

1

0-1-0 0

1

0-1-0 0'

,

/4 0

t
,

1-0r1
..._

z,-

....

4
,4

O-U '
2

1-0-1

1

0-0-1 ,

1
,,

1-0-0

'.

.0, ,,

1:

5 , 0

2

0-1-1
. 5 .,-.-,'

14-4-0

1 '.

0-0-1

,

0 'I'

2

2-0-0 ..0

1 :

0-0-1

5

1-2-2 "

'412

0-0-2

1

1-0-0

1 ,

0-1-0 0

7

1

4-0 ,

2

2-0-0

5 N

1-1-3

2' ,

0-0-2 0 0
.

,

.

.,..

8

.2 ..-

2-070 0 \--...

4 ,

4

1-1-4* -20 -1 -2 0

q
.

A
lit

i.

,

1-0-0

9
3

1-1-1 0

.4

2-1-1

1 iot

0-0-1,

1

0-0-1

1

0-1-0 0

..

10

-1
0-0-1

, -

1

1-0-0

5

2-2-1

2 ''

0=2-0 ,

1

1,0-0 0 . dr
1

Totals_

.

10

6-1-3

.

ii

5-7'2-4,

. 44
12-17-15

21

3-7-,11

6

3-0-3

-6
3,3-0

2

1-1-0

Cs

Notes:- Total fOr a distractor type for a unit is given in the upper' number.
A -

Positional breakdown, left-center-right, is given below if the cell

was not empty.
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Variables are defined in such'a way that their first order effects

in predicting attractiveness will have predicted positive Beta weights

in a linear'regression equation.

/,
.41

U =

P
D

=

10 -

*

unit number fol. test

0

1 it the distractor

0 if the distractor

containing the item.

is the firqt option:

is the second option..

f if the distractor is the.third option.

The similarity of the two distractors for a item is expected to

a
have a secondary effect on the attractiveness of each distractor. It

is hypothesized that inter-distraCtor similarity reduces the attractive-

ness of each distractor. Thus, the most attractive distractor is pre-
.

dicted to be one which is both maximally similar to the correct response

and different from its paired distractor. A distractor similarity vari-

"able (DS) is defined to /be equal to the number of fabets for which the

two distractors are id ntioal:

0

Regression Analysis

Table 1,gives the distribution of distractor type by unit and by

position for the three-facet structure. The column totals indiCate that

the overall' occurrence of distractor types is quite unbalanced. Further-
,

more, the occurrence of some of the distractor typesdoes not appear to

be uniform across either unit or position.. Comparison of Observed mdan
o

attractiveness could,be misleading due to the high frequency.of empty

cells and a.confounding of e rfects. The hypothesized effects of similarity,

1

unit and positi116ji. were-felt to be best tested by cotipariitg the predicted

4

attractiveness of classes of distractors.

of
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t
e.

Stepwise linear regression was empland19generate predictive

equation's of increasing complexity. . As 'displayed in'Tabies 3 and 4, a,

linear model with main effects only was first estimated. All of the

Beta weights were positive as predicted. This indicates that., if onl9

the main effects are considered, each of the variables effects the.

attractiveness of adistractor in the predicted di ection.

. ,

Adding the first order interaction e s significantly increases

.1

the variance accounted for by both regressionAequations. As predicted,
0 I

the Beta weights for the interaction of unitand position (Ux13) are

positive. This,is the expected result if the position effect is most

. 7,
`'

in evidence for the tests early in the program.' st;..

.
.

, .1 ..

The interaction of a similarity variable, for a facet, with the unit .

.., , .
. . 4

.variable-is predicted to have a positive Beta weight if it Is expected

vthat the student population will evidence ta reduced tendency to-pick 4

1

' distractotg, with that similarity, on later unit tests. Thus, if students

learn to-reject every class of distractors, positive Beta.weight for all

(Uxs
i

) terms are predicted. If, however, students tend to learn to reject

some classes of distractors and not others, then some 9f the Beta weights

%
may be zero of negative. It, is seen that the Beta weights for (uxs1)--

0

interaction of unit with initial consonant souftd:-is negative, Passible

implicatimit of this result will be discussed later,

TIie distractor similarity (DS) variable and the second order unit

effect (U
2
) Were added last to the threefacet model. The variance

4
accounted for ,was significantly increased with most of thlincreaseodue

;

to (ii ). The sign of the U
2

Beta weight was positive as predicted.

9
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, Examinat*on of the type of'distractor similarities occurring revealed

O

that there is probably a confounding of distractor similarity with the ,

s
i
variables. When'the two distractors in an item exhibited a similarity

iin one or more facets, with but a single exception, they shared that

similarity with the correct option. If the two distractorOad two

identical facets, they were alwais the vowel, final-consona4 pair.

There was only one occurrence of a distractor similarity occurring in

the initial consonant sound. Due to the apparent confounding, interpre-

tatiod of the distractor similarity Beta weight was not attempted and

the second order effects were deleted from the two-facet analysis:

Discussion of Results

.*A
Table 2 contains the predicted attractiveness of each class of dis-

tractors,' for each unit, for the three -facet modtl with the po4ition and.

distractbr similarity variables set to zero. Figures 1 and 2,compare

the observed mean attractivenessif the two Tost frequently occurring

classels with the predicted values.

The partial order hypotheses of the relative attractiveness of dis-

tractors are supported by the Table 2 values. Of the 90 partial order

predictions, only seven differ fromEht values predicted by the regression

equation.' Of the 30additional order predictions generated by the "level--
-

of-distractor" hypotheses, 4 differ from the regression predictions'.

These 4, however, all occurred in the comparison ofthe two most frequently

occurring classes (Figures 1 and 2) and thus constttute stronger evidence

of the weaknd of, the "level-Of-distractor" 'hypotheses.

1.0
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TABLE 2

Predictedhttractiveriess of Distractors,and Frequency of their Ocgurrence'

for the FYCSP Word Attack Test.

.

Unit

..

(1,1,0)

Leiel

(1;0,1)

Type' of

.7
r.

(O,1,1)

Distractor

":

'(1A,,O)

Level 1

(0,1,0)'

:

(0,0,1)

.

Level 0.

-0.,o,o)

1

2

e
,

3

1
.

4
-.

5

6 .

-'

.
8 ' .

9

10 .

'
,

-.

.118

(0)

-%09i

(1)

.077

' '(2)

.061

, (0)

:\'.050

(0) .

.042 .

(0)

.03q

.(1) ,.:,

.0361,

(2

.039

(3)

. .046

'' (1)

.141

(0)

.130,4,

(2)

.113

(1)

.100

(2)

.091

(2)

.085

(1)

.084

(2)

.085

(0)

.090

(0)
4

.160

(1)

.184 ,.

(3)

.150

(4)

.120

(5)

.094,,

(4).

.072

. (5)

.052'

(5)

.037

(5) '

.024

(4.)

.017
(4)

.013

(5).

'.040

11

,

.068

, (5)

.056

(2)

.047

1)

.042

(2)

(1)

.042

(2)

.046

(2)

.057

(3)

.070

(1)

.086

(2)

1

'

103
(1)

.077
(1)

.055

(0)

.036

-(1)

421
(0)

.010

(1)

.002
(0)

-.003'

10)

-.003,
(1)

000
(1)

.

'

.b94

.(0)

.071

'(0) .

1

.051

(1)

.035 ,

(1).

.022

(2)
.

.013

. (1) .

.008

(0)

%006 .

(0) ,

.010

(1)

.014

(0

.034
(1)

.018

(G)

.005

(0)

-.033
(0)

-.008

. (0).

-.010
-

(0)

-.007

(0)'

-:Q03

..(1)'
1

.009

(0)

.022

(0)

1

,

.

Total Number.;.

of Distractor§
. ,

Y

/1
f

1:4 ' 21 6 2

`Notes:

rZ

(1) The, frequency of occurrence of each type of distractor by unit

indicated by the numbers in parentheses.

(2).The Beta weighs for the-full .3-facet Viodel column,0f-

,

Table 3) were used with distractor position set

to zero.,

11:



10

Figure 1. Attractiveness (A) as a function of program unit for
correct initial sound, type (1,0,0>

aA. ------.
Solid line - Predicted attractiveness, 3-facet full model regression'

-X ( ) -10bserved average attractivepegs,and sample size
0.1

.

(5)

distra,Lors with

0

0

X(2 )

1 2 3

Figure 2.

'A

(3)

5 6 7 8 :9 10

UNIT

Attractiveness (A) as a function of program unit for di-stractorsvith
) s.

correct vowel-consonant final sound,type (0,1,1) ,.,

..' i, Solid fine - Predicted attractiveness,,3-facet full model regression
')C,( ) , - OserVO average attractiveness And;sample size,

X(5).

a

1 2 3

UNIT

6

12
7

X(4)

f

X(5)

10
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,?
. .

'It' seem' likely that the fl,leyel.df-distractor" hypotheses will not

.
, .

be supported in anyinstende where one fieet,infIuenCes attractiveness
. . -,

, , ,
to a substantially lesser degree than the ather.'facets,. For the word

, -
.

attack test, the.rpla4ve-effects of _tall=
,-

:facetsikeemed tO:vary over'ove
. ;

.

.. L
.)-..,:

- -_. .;., t 4 .-t...
% -..- . . .. ..... -..., . . - _' 7 g ... , -` .. , ; , '

s: _

',-._ .'
time:

.e

Differentiel.learning,Ls_a_Totentidl
, .

, . .

differences in slope qweep-the regression equations'for the two dis-

-
tractortypes plotted in Figures. and If such is the case, inclusion

m

6.

of mote practice in/decoding themediAl vowel and final consonant soynds,

Of a word may be a desirable program modification, is(possible,

interpretation of,the noticakle'.. "

.ever; that the obsetved changes
s

in aistrector

is due to a tendency ti3 speed up test
.4

.

§ystemktic rules for constructing sets of distractors according to
0

an a-,priori choice of facets constitutes a facet,design. Tests kasedon,
;

1

la facet delign have the following
-

,t.. .:.1k
tests. IGutman and Schlesinger,

attractiveness acrosd units
,

administration in the'iaE -r units.

advantages overthe

1967).

1; Succedsfd predict*On of-relative

'

distractors.

2.

:3'.

I :it

usual multiple chbide

empiricaldifficulties

Reduction of variation in test results.

Possibility of differential

wrong answers to which they

scoring of

of

due- to resired factors.

subjects; *on the,typescof.
-$ -

are attracted.

. The first Wo:advantages relate to the potential fo improving-the reli:.
......... . r

apility increasing test length. The third referd

-7,

'Y

*:e

13 a;

........

&

4
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to the poSsibility of gaining diagnostic

/the errors a student Fakes.

17

informatidn from an analyps of

, .

A potential' area for both theoretical and empirical research is the

determination of-vhich types of facet designs are

test validity., An unanswered question is whether

optimal for improVing

improving' test validity

.

increases. or decreases- the amount of diagnostic 'information that can' be

gleaned from error patterns.

Potential AppliciffOns of Facet Analysis to IMS
, .

Facet analyfis,,may,yield benefits' for each of the, areas currently
0

included.-,in the IMS effort, Colistruction of tests according to a f ac et

design would permit-,.a systematic invesK g4t.sior._.of this potential. If the ,
A::.1:;..., ,-...i . , -, =,,, ,-,

. .. ..

student population as a..whole exhibits differential-learning in rejecting.

. .

classet of di,stractors, there are implications for progr,gml Perision.... If
.

..;',...;

7..
, further analysis reveals that individual students tend to select 4:i..4rOlc_-_-_- _,,,, t ..

-....°.:.

class or classes 'in a predifOtable fashion
i %./

, .individualizecr
4 ,r
, ./,

.; -/, . ,/,'/' ., /'

`tors frpps some

diaghosis and prescription-may be indicated.

A facet:Oesighleads to the cdnstruction of test items on the/basis
,

of an, a-priori definiffOn -o

starting Oint for deve

generated

est. confrent . This

ping- compUier generated

.exercises.-

14

A

;
should/he a reasonab-1,:/,,i.;e.,4,1.'

/, '/
tests and,,comfiuter.

",;: , ';.
"';)` r

%

: II .

:" :1?!.
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'
. . 13 ';'";-;'-,,"

4 $.4 , lit ..

t 7

li.
/ i I. ..,"4,:,

7.. . .' '

;;.,' TABIX',3' ... '
,,,

, ' i ' k - ''.1-;/:;*. - - :
.,, i . , .. , .. , ,.

Linear ReeressiOn'ModJsZ,f/Or, the -Three Fa,cet .

,, 'PredittiOn of/Distr.acttOri.At'titiyeness, .,

(Beta'Weijiihei.)''.
/

;, ir iff; ' 1 ,

/'
..

/ i ,k4in.
. arlabl,e ,

- /.' :'.,

,,....,,, Effedts
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